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From the disappearing sea ice of the Arctic to the thriving microbial communities 
in subglacial lakes of Antarctica, the Earth’s ice caps have often made the news 
in recent months and years, and polar science has emerged as being crucial to 
our understanding of our planet’s biology and climate. Michael Gross reports. 
Shrinking ice caps in the spotlightHidden continent: The southernmost continent has long been speculated about, but evaded 
discovery in the great age of exploration. Only in 1820 did voyagers catch a glimpse of it, and 
our scientific knowledge of the continent and its ice caps is still developing to this day. (Photo: 
Wikimedia Commons.)To begin with the good news: there 
is, at last, convincing and detailed 
evidence of substantial microbial 
ecosystems thriving in the subglacial 
lakes of Antarctica, which cover an 
astonishing 55% of the continent’s 
surface. Ever since they were 
discovered in the 1990s using 
ground-penetrating radar, these 
vast hidden lakes have provoked 
speculation about possible 
subglacial biotopes and inspired 
attempts to explore them. 
Part of the fascination with these 
lakes arises from the connection with 
astrobiology. Findings from recent 
space missions suggest that similar 
hidden habitats likely exist elsewhere 
in the Solar System, including below 
the surfaces of Saturn’s moons 
Titan and Enceladus, Jupiter’s moon 
Europa, and, possibly, the planet 
Mars. It is a defining feature of modern 
astrobiology that the prospect of life 
elsewhere inspires and invigorates the 
investigation of life in extreme habitats 
here on Earth (Curr. Biol. (2012) 22, 
R207–R211). 
Lake Vostok, situated below the 
eponymous Russian research station 
at 77° South, is the largest of the 
lakes, with a volume comparable to 
Lake Ontario. Early drilling attempts 
conducted in 1998 showed that ice 
above Lake Vostok contained evidence 
of microbial life, but concerns over 
the risk of contaminating a pristine 
environment that may have been 
isolated for millions of years slowed 
down further proceedings. Only in 
February 2012 did research teams 
punch a hole all the way through 
the nearly four kilometres of ice 
covering Lake Vostok. They allowed 
the pressurised lake water to rise up 
by a few metres and returned a year 
later to retrieve the samples, which 
are still being investigated. Severe 
contamination of the samples with 
both kerosene and microbes has cast a 
shadow over the validity of any results 
obtained, although the researchers 
have claimed to have identified at least one non-contaminant species. A recent 
study of the ice naturally accreted 
from lake water above Lake Vostok 
has yielded taxonomic classifications 
for more than 1,600 gene sequences, 
of which 6% were assigned to 
eukaryotes, and the rest to bacteria 
(PLoS ONE (2013) 8, e67221). 
By contrast, researchers from 
the Whillans Ice Stream Subglacial 
Access Research Drilling (WISSARD) 
project used a specially developed 
hot-water drill, designed to achieve 
contamination-free access, to retrieve 
lake water and sediment samples from 
Lake Whillans, which forms part of a dynamic drainage system in West 
Antarctica underneath more than 800 
metres of ice. The team has recently 
reported the first comprehensive 
description of a subglacial ecosystem.
The researchers found around 
130,000 cells per millilitre in their 
samples from the water column, 
which is comparable to cell densities 
in the deep sea. Analysing ribosomal 
RNA genes, they discovered a large 
number of microbial species in both 
the water and the sediment samples, 
representing both bacteria and 
archaea, but no eukarya so far (Nature 
(2014) 512, 310–313). 
Detailed chemical analyses 
combined with the taxonomic relations 
of the new species to known microbes 
suggest that the ecosystem in the lake 
is able to thrive on a chemoautotrophic 
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Hard work: Members of the WISSARD team (from left to right: Alex Michaud, Slawek Tulaczyk
and Reed Scherer) preparing the hot water drill for action. (Photo: Reed Scherer.)basis, i.e. deriving energy and 
nutrients from minerals. Experiments 
measuring nutrient incorporation 
rates by the cells retrieved from 
the lake lead the researchers to 
conclude that the chemoautotrophic 
production is sufficient to serve as 
the basis of a complex food web also 
including heterotrophs. In addition, the 
sediment, which originated as ocean 
floor sediment, was found to contain 
organic matter, which helps to feed 
separate populations of heterotrophs. 
A key aspect is the internal nitrogen 
cycling in the system, which appears 
to include nitrifying species in the 
water column converting abundant 
ammonium ions into oxidised nitrogen 
species, along with other species 
both in the sediment and in the 
water column that reduce nitrogen 
compounds to ammonium. 
Mapping the ice
While life under the ice appears to 
be in good health, experts are raising 
concerns about the longevity of the ice 
itself. 
Just under two centuries have 
passed since humans first caught 
sight of the seventh continent, yet 
geographical information about the 
long-hypothesised land mass is still 
incomplete. Detailed knowledge of the 
extent and dynamics of the Antarctic 
ice shield is improving rapidly, thanks 
to new satellite-based technologies and also to recently declassified 
military data.
In August, the Canadian Cryospheric 
Information Network (CCIN) at the 
University of Waterloo has presented 
a new and improved satellite map 
covering the entire continent and 
designed to be useful especially for 
climate research. The map is based 
on more than 3,150 radar images 
taken by the satellite RADARSAT-2 in 
2008, updating information recorded 
with RADARSAT-1 in 1997. The data 
will be freely available at the website 
of the Polar Data Catalogue (https://
www.polardata.ca/pdcsearch/). “The 
Polar Data Catalogue’s mandate is to 
make such information freely available 
to scientists, students and the public 
to enhance our understanding and 
stewardship of the polar regions,” 
explained CCIN director Ellsworth 
LeDrew.
Of particular concern is the response 
of the polar ice caps to climate change, 
as a loss of ice coverage could trigger 
various knock-on effects that might 
provide positive feedback for the 
temperature rise and thus accelerate 
change. The reduced albedo (reflectivity)
of the Earth due to ice loss and the 
release of methane from thawing 
permafrost soils are examples of such 
dangerous feedbacks. In a statement, 
LeDrew described the Earth’s polar 
regions as “a bellwether for the effects 
of climate change.” His institute has plans to produce similar maps for 
Greenland, and more regular updates of 
the Antarctic map in the future.
Data are also improving for the 
bottom end of the ice shield. In a pilot 
project covering only the Antarctic 
peninsula (which is due south of Cape 
Horn and part of Western Antarctica), 
researchers from Germany and 
Switzerland mapped the bedrock 
below the ice with a resolution of 
100 metres — an order of magnitude 
improvement on the one-kilometre 
resolution currently available for the 
entire continent (Cryosphere (2014) 8, 
1261–1273). 
Detailed images and maps recorded 
through time also enable researchers 
to estimate the changes to the ice 
shield. This is particularly important as 
the melting of continental ice shields 
directly impacts on the sea levels. The 
dramatic loss of sea ice in the Arctic 
may have all kinds of negative effects 
from albedo through to ecology, but 
it doesn’t affect sea levels (Curr. Biol. 
(2012) 22, R547–R550). Similarly, the 
fact that the sea ice around Antarctica 
covers an unusually large area at the 
moment won’t save Pacific island 
nations from going under. If, however, 
Greenland’s ice cover should melt (or 
slide into the ocean), that would raise 
global sea levels by six metres. West 
Antarctica (the smaller lobe of the 
continent) would add five metres, and 
East Antarctica more than 50 metres. 
As the ice caps are always in a 
dynamic equilibrium between accretion 
and loss, it is difficult to establish trends 
and predict outcomes, but scientists 
may spot changes that are cause for 
concern. Recent research has indicated, 
for instance, that the Pine Island Glacier, 
one of the largest ice flows of the West 
Antarctic ice sheet, is losing mass at an 
accelerating rate. Researchers working 
with the European Space Agency’s 
Cryosat-2 satellite have recently 
estimated losses of continental ice in 
Greenland and Antarctica between 2011 
and 2014 to give 500 cubic kilometres 
per year (converting to a sea level rise 
of 1.4 mm) and pinpointed Pine Island 
Glacier as one of the two fastest-
melting hotspots of ice loss (Cryosphere 
(2014) 8, 1539–1559).
This glacier feeds into the Southern 
Ocean, and there is sea water 
flowing through a channel under 
the ice. The group of Tim Stanton, 
an oceanographer at the Naval 
Postgraduate School in Monterey, 





Chilled life: Samples retrieved from subglacial Lake Whillans contain a wide variety of microbes. (Photo: Trista Vick-Majors, Montana State 
University.)a drilling operation on the glacier 
through to the water stream below 
and to measure the rate at which the 
relatively warm water erodes the ice. 
They found that the ice is melting away 
at a rate of five centimetres per day 
(Science (2013) 341, 1236–1239). “It’s a 
phenomenally high melt rate compared 
to what we observe in the Arctic, for 
example,” Stanton said. Should the 
melting accelerate further, this one 
glacier alone could cause catastrophic 
amounts of sea level rise in the range 
of tens of centimetres. 
Looking at the bigger picture over 
longer time scales, researchers from 
the University of Durham, UK, used 
declassified military satellite images 
taken from 1963 to 2012 to follow 
changes in the extent of outlet glaciers 
(i.e. those that dispatch into the ocean) 
along the coast of East Antarctica. 
Oscillations in the extent of the ice 
coverage appear to be synchronised 
and much more sensitive to changes 
in ambient temperature and sea 
ice coverage than researchers had 
previously thought (Nature (2013) 500, 
563–566). “When temperatures warm 
in the air or ocean, glaciers respond 
by retreating and this can have knock-
on effects further inland, where more 
and more ice is drawn down towards 
the coast,” project leader Chris Stokes 
explained. His conclusion is that the 
entire East Antarctic ice sheet, hitherto 
regarded as the safest part of our polar 
caps, is more vulnerable than experts 
thought, and thus needs to be observed 
much more closely from now on. 
Even the small amount of ice-free 
surface of the continent may require 
more attention, as it is at risk from 
human activities. Due to the low 
species diversity at high latitudes, the 
ecosystems of the ice-free areas are 
very simple and might be severely 
affected by invasive species imported 
with the increasing number of visitors coming in, according to a recent 
commentary from Justine Shaw from 
the University of Queensland, Australia 
and colleagues (PLoS Biol. (2014) 12, 
e1001888). The authors call for wider 
and improved protected areas to be 
established in Antarctica. 
Off the coasts, the islands of South 
Georgia and the South Sandwich 
Islands have been turned into the 
world’s largest marine protected area. 
Meanwhile, up North… 
Ice loss in the Arctic has already 
become a fact of life. Ships are now 
making use of northern routes that 
were impassable until a few years ago. 
Ironically, oil companies are queuing 
up to exploit the reserves under the 
newly ice-free waters, ultimately adding 
another catastrophic feedback loop to 
the complex network of climate change. 
The recent discovery of one of the 
ships of John Franklin’s expedition 
to find the Northwest Passage, the 
northern sea route around Canada 
and Alaska, added another ironic twist 
to the loss of sea ice. When Franklin 
set out in 1845, the passage he was 
looking for did not exist, but now there 
usually is one during the summer. 
Like the Antarctic ice shield, the 
continental ice on Greenland helps 
researchers to study past, present 
and future changes in climate and 
glaciation. Isotope data concerning 
the temperatures during the last big 
deglaciation event between 20,000 and 
11,000 years ago were long regarded 
as puzzling and contradictory to the 
results from the Southern hemisphere. 
In a recent study, Christo Buizert 
from Oregon State University and 
colleagues used nitrogen isotopes (in 
addition to the established method of 
measuring oxygen isotopes in water) 
in combination with climate modelling 
to reconstruct the temperature 
development in Greenland during the deglaciation (Science (2014)  345, 
1177–1180). As this is the most recent 
and thus most accessible example 
of dramatic natural climate change, 
it is an important model for how the 
many components of the Earth system 
interact during such periods of change. 
Antarctica and the Universe
Despite its punishing climate 
conditions, Antarctica is likely to 
remain a research hotspot for some 
time, and to yield exciting discoveries 
across the whole spectrum of the 
sciences, from microbiology to 
cosmology. Last year, for instance, 
cosmologists using equipment at the 
Amundsen-Scott research station at 
the South Pole could for the first time 
demonstrate the polarisation of the 
cosmic microwave radiation, which 
is crucial evidence for the inflation 
phase in the early expansion of the 
Universe (Phys. Rev. Lett. (2013) 111, 
141301). The key advantages of the 
exotic location for cosmologists are the 
very dry climate and the fact that an 
instrument based at the pole can point 
at the same part of the sky all day and 
all year round. 
Keeping an eye on the ice shield 
must be a high priority for future 
climate research. In a study published 
in Science magazine in September, 
Eugene Domack from the University 
of South Florida in St. Petersburg, 
and colleagues from various other 
institutions investigated the sea floor 
at the coast of the Antarctic Peninsula 
where the Larsen-B ice shelf had 
collapsed at the beginning of 2002. 
Domack had visited this iceshelf in 
December 2001, during an exceptionally 
warm Antarctic summer, and observed 
the signs of decay which led to its 
disappearance two months later. He 
has kept an interest in the site ever 
since. In the latest study, Domack and 
colleagues specifically examined the 
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Blood Falls: At the Taylor Glacier, brine seeping from a reservoir below the ice turns brown 
where it is exposed to oxidation by the air, resulting in the dramatic colouring of the ice. (Photo: 
Peter Rejcek, National Science Foundation.)
Q & A
Gerd Jürgens
Gerd Jürgens is Professor of 
Developmental Genetics at the 
Center for Plant Molecular Biology 
(ZMBP) at the University of 
Tübingen, and a director at the Max 
Planck Institute for Developmental 
Biology, Tübingen, Germany. He 
earned his PhD in zoology from 
the University of Freiburg, did a 
postdoc with Janni Nüsslein-Volhard 
and Eric Wieschaus at the EMBL in 
Heidelberg, then moved with Janni 
to the University of Tübingen to 
work on Drosophila development 
for several more years before he 
started his research on Arabidopsis 
development in Tübingen and 
Munich. His research has mainly 
addressed two topics — pattern 
formation in early embryogenesis 
and membrane traffic, especially 
during cytokinesis.
What turned you on to biology in 
the first place? Biology was not my 
first choice. I had started to study 
mathematics and physics when 
reading the 1964 edition of Jim 
Watson´s book Molecular Biology of 
the Gene won me over to biology, at 
least to the then novel and exciting 
developments in molecular genetics. 
At that time, I had no feeling for 
traditional biology and tried to get 
around those courses in my studies. 
Later on, during my PhD project in 
Drosophila developmental genetics, 
I began to appreciate the beauty of 
biological complexity.
Do you have a favourite paper? 
Herman Muller´s lengthy paper 
entitled “Further studies on 
the nature and causes of gene 
mutation”, which was published 
in the Proceedings of the 6th 
International Congress of Genetics 
held in Ithaca, NY in 1932. No easy 
read but worth being read. It was 
a real eye opener, demonstrating 
how far good reasoning can take 
you when you lack direct molecular 
evidence. If you are not put off 
by the old-fashioned terminology 
(antimorphs, neomorphs and the 
like) you really learn how to infer 
from the biological consequences 
of mutated gene function what the area where the ice shelf transitioned 
from ground support to free floating, 
the ice sheet grounding zone system 
(Science (2014) 345, 1354–1358).
From their observations, the 
researchers concluded that the 
collapse was caused by the rising 
surface temperatures rather than 
by some instability of the grounding 
system. The authors write that their 
finding “adds to the scenario of 
instability now facing Antarctic glacial 
masses and must invigorate continued 
examination of GZS in spite of 
difficulty in access, logistical risk, and 
competing resources.”
At the neighbouring site, where the 
ice shelf Larsen-A collapsed in 1995, 
biologists have conducted repeated 
investigations to establish how marine 
life previously trapped under ice 
responds to the newly available food 
and sunlight. The group of Claudio 
Richter at the Alfred Wegener Institute 
at Bremerhaven, Germany, reported 
recently that glass sponges expanded 
surprisingly quickly, multiplying their 
populations in only a few years (Curr. 
Biol. (2013) 23, 1330–1334). Full details 
of how life that had been trapped 
below the ice will respond to sudden 
change remain to be elucidated. 
Research commitments for polar 
sciences were recently underlined by 
the announcement that both Germany 
and the UK will build new research 
vessels. China and South Korea have 
opened new research stations in 
Antarctica in February. 
Microbes living under the ice shield 
will also provide further excitement both for terrestrial ecology and for 
astrobiology. One intriguing location 
is that of ‘Blood Falls’ at the Taylor 
Glacier, where brine seeping from 
a subglacial reservoir stains the ice 
brown-red due to the oxidation of iron 
compounds dissolved in the water. 
The group of biologist Jill Mikucki 
from the University of Tennessee in 
Knoxville is hoping to retrieve samples 
from that reservoir with the help of the 
IceMole, a remote-controlled probe 
that engineering students led by Bernd 
Dachwald at the University of Applied 
Sciences FH Aachen, Germany, 
developed with the hope of sending it 
to Saturn’s satellite Enceladus one day. 
The surface of this small moon appears 
to be constantly remodelled, and the 
Cassini probe has observed powerful 
geysers and detected ammonia and 
small organic molecules in the water 
ejected, making Enceladus one of 
the more promising destinations for a 
possible space mission searching for 
life in the Solar System.
Since its discovery less than 200 
years ago, Antarctica has mostly 
appeared as a desert hostile to all life 
and the ultimate challenge to human 
explorers. Recent research has shown, 
however, that the continent harbours life 
in unexpected places, plays a key role 
in climate regulation, and even enables 
researchers to investigate the possibility 
of life elsewhere in the Solar System 
and the origins of the Universe itself.
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.uk
